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Druggability of Ionotropic Glutamate Receptor N-Terminal Domains
Anindita Dutta, Ahmet Bakan, Ivet Bahar.
University of Pittsburgh, Pittsburgh, PA, USA.
Ionotropic glutamate receptors (iGluRs) are ligand-gated ion channels that me-
diate excitatory neurotransmission. All distinct classes of iGluRs (AMPA,
NMDA, Kainate) harbor a ligand-binding domain (LBD), and an N-terminal
domain (NTD) in their extracellular region. Glutamate binding to the LBD ac-
tivates the ion channel. Allosteric modulation of iGluR activity by NMDAR
NTD is well established; a similar function in AMPARs is still a matter of de-
bate. Recently, we have shown that the bilobate architecture of iGluR NTDs
favors similar global motions, and facilitates easy reconfiguration between
AMPAR and NMDAR dimers [1,2]. This unexpected similarity in the intrinsic
dynamics of these two subfamilies hints at the allosteric potential of non-
NMDAR iGluRs and has propelled the evaluation of their ‘‘druggability’’.
To achieve realistic detection of ligand-binding sites and their maximal binding
affinities, we performed molecular dynamics (MD) simulations of iGluR extra-
cellular domains in the presence of drug-like probe molecules and water. First,
we benchmarked this method by exploring the well-known ligand-binding
landscape of GluA2 LBD. We found that binding of one probe molecule in
the endogenous ligand-binding site can drive domain closure necessary for
channel activation. Subsequently, we explored the ligand-binding potential of
all known iGluR NTDs. Our method captures with reasonable accuracy the
known binding sites on NMDAR-GluN2B for modulators like Zn2þ and phe-
nylethanolamine compounds, and furthermore provides insights into the chem-
ical features and compound shape that may bind with better affinity than those
known compounds. Another striking result from an extensive analysis of all
iGluR NTDs is the accuracy with which the probe-binding hot spots overlap
with known dimer interfaces of the monomers. This opens new avenues
whereby we can accurately identify/predict druggable protein-protein
interfaces.
1. Dutta A, et al. (2012). Structure, in press
2. Sukumaran, M et al. (2011). EMBO J, 30, 972-82.
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Sampling Conformational Intermediates with Dynamic Important
Sampling
Ester Sesmero, Ian Thorpe.
UMBC, Baltimore, MD, USA.
Hepatitis C virus (HCV) is a wide spread health concern and causes approxi-
mately 35,000 new infections in the U.S. each year. Though there are treat-
ments available, they cause many side effects and are not completely
effective for all genotypes. HCV contains a positive sense single-stranded
RNA genome and replicates with the aid of RNA dependent RNA polymerase
(RdRp). This polymerase is known to have at least two different conformations:
open and closed. Our goal is to understand how this transition occurs in order to
better understand how the enzyme is able to replicate RNA. To accomplish this
goal we employ the Dynamic Importance Sampling Algorithm (DIMS). DIMS
is a pathway finding algorithm that gives information about the intermediate
states between defined starting and ending points. In our case of study this start-
ing and ending points are the coordinates of the open and closed conformations
taken from the 1YV2 and 1YUY structures (Biswall, B. K., Cherney, M.M., J.
Biol. Chem. 280, 18, 18202-18210) DIMS allows us to sample the conforma-
tions of intermediates between the open and closed conformations to illumi-
nate, at the molecular level. how this transition takes place, what motions
facilitate the transition and what role conformational changes play in the func-
tion of the enzyme.
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Examining Protein Sequence Perturbations with Markov State Models
Vincent A. Voelz, Guangfeng Zhou, Brandon Elman,
Asghar Razavi Majarashin, Edward S. Delikatny.
Temple University, Philadelphia, PA, USA.
Markov State Model (MSM) approaches model the conformational dynamics
of proteins as a kinetic network of metastable states. This allows one to obtain
long-timescale and equilibrium information from ensembles of much shorternon-equilibrium trajectories sampling local transition rates between states.
To explore the possibility of using MSMs to efficiently characterize the effects
of sequence perturbations, we construct ‘‘wildtype’’ and ‘‘mutant’’ MSMs built
from molecular dynamics simulations of Fs peptide, the GB1 hairpin, and WW
domain. We show that metastable states are generally robust to perturbation,
although unfolded states may suffer from finite sampling. To assess the statis-
tical significance of changes in observed transition counts that occur upon mu-
tation, we develop a log-likelihood surprisal metric. We validate the metric in
simple lattice models, and apply it to study sequence-dependent folding mech-
anisms and our ability to efficiently sample them.
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Structural Dynamics of Iowa, Dutch, and Arctic Mutations of the 21-30
Fragment of Amyloid Beta under Aqueous Salt Environments
Micholas D. Smith, Luis Cruz.
Drexel Univesity, Philadelphia, PA, USA.
The amyloid b protein (Ab) has been implicated in the pathogenesis of Alz-
heimer’s disease. Previous in vitro experiments have shown that the central
Ab(21-30) fragment may have special importance because it may act as a fold-
ing nucleus of the full-length protein. Recently, experiments of the full-length
wild type (WT) peptide under aqueous salt environments have revealed varied
responses in both the structure and growth of aggregates of the full-length pep-
tide under these environments. Here we use all-atom molecular dynamics sim-
ulations of monomeric Ab(21-30) to examine pre-aggregate structural
alterations under similar dissolved salt conditions (CaCl2 and KCl). Further,
we make use of the wild-type and three common mutations of the decapeptide
(Arctic[E22/G22], Dutch[E22/Q22], and Iowa[D23/N23]) to explore the possi-
ble dependence of charged side-chain and salt-ion interactions in driving struc-
tural changes under aqueous salt environments. Our results indicate that the
production and stability of open (random-coil) structures is enhanced under
CaCl2 for the wild-type decapeptide, and both Dutch and Iowa mutations;
while KCl environments enhanced the production of turn structures for wild-
type and b-structures for the Iowa and Dutch mutations. Additionally, we pres-
ent a possible explanation for these differences in structural response as a com-
bination of volume exclusion, ion-residue interactions, and ion effects on the
hydration of the decapeptide.
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Intrinsic Transmembrane Flexibility of the Amyloid Precursor Protein
Explored by Molecular Simulations
Thomas Lemmin, Mitko Dimitrov, Patrick Fraering, Matteo Dal Peraro.
EPFL, Lausanne, Switzerland.
Deposition of Amyloid-b (Ab) is an early indicator of Alzheimer’s disease
(AD). Ab is a 39- to 42-amino acid peptide released by the proteolytic cleavage
of the C-terminal fragment of Amyloid Precusor Protein (APP). Recently, the
backbone structure of the APP-C99 in detergent micelles was determined by
nuclear magnetic resonance (NMR) restraints. The transmembrane (TM) do-
main resulted characterized by a highly kinked helix at position G708. We
used molecular dynamics simulations to explore the conformational space of
the APP transmembrane domain. Equilibrated models of APP inserted in mi-
celles and lipid bilayers were produced and characterized; moreover the effect
of experimental conditions on the APP TM free-energy landscape was investi-
gated by using enhanced sampling techniques. Finally, the effect of small
chemicals and pathogenic mutations were tested. Our findings were strongly
correlated with in vitro experiments. We concluded that APP-C99 is intrinsi-
cally flexible at the hinge region defined by G708 and G709. Under in vivo-
like conditions this is a key feature to explore multiple functional conforma-
tions implicated in proteolytic cleavage by g-secretase and the generation of
amyloidogenic species.
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Global Transitions or Proteins Explored by a Multiscale Hybrid
Methodology: Application to Dopamine Transporter
Mert Gur1, Jeffry Madura2, Ivet Bahar1.
1Department of Computational and Systems Biology, School of Medicine,
University of Pittsburgh, Pittsburgh, PA, USA, 2Department of Chemistry
and Biochemistry, Center for Computational Sciences, Duquesne University,
Pittsburgh, PA, USA.
Efficient and accurate mapping of transition pathways is a challenging problem
in allosteric proteins. We propose here a new methodology which facilitates the
sampling of the conformational space by recruiting all modes of motions nat-
urally encoded by the protein architecture, while evaluating the atomic interac-
tions and energetics via full-atomic molecular dynamics (MD) simulation
protocol. The basic approach is to deform the structure collectively along the
modes of motion predicted by the anisotropic network model (ANM), similar
Monday, February 4, 2013 227ato our adaptive ANM procedure,1 but with major difference of considering the
complete pool of all accessible modes using a Monte Carlo/Metropolis algo-
rithm. Once a low-resolution intermediate structure is constructed it is set as
the target for all atom-simulations analogous to our folding study2. The new
method takes advantage of the speed of low-resolution approach while main-
taining the accuracy of MD. After benchmarking the methodology with adeny-
late kinase we examined the transition mechanism of dopamine transporter
(DAT) between its inward- and outward-facing states. An intermediate state oc-
cluded to both the extra- and intracellular regions is identified. The transition
from intermediate-to-outward state involves a global bending of the N-terminal
half of the transmembrane helix TM10, which drives the disruption of the salt
bridge R85-D476 on TM1b and TM10, which, in turn, prompts the opening of
the external gate. The intermediate-to-inward transition is facilitated by the ro-
tation of TM4 and TM9 relative to the rest of the protein, and a redistribution of
interactions between the N-terminal segment and TM8.
1. Yang Z, Majek P, Bahar I. Allosteric transitions of supramolecular systems
explored by network models: application to chaperonin GroEL. PLoS Comput
Biol 2009;5(4):e1000360.
2. Arkun Y, Gur M. Combining optimal control theory and molecular dynamics
for protein folding. PLoS One 2012;7(1):e29628.
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Predicting Protein Homodimer Allosteric Ligand Binding through
Multiscale Dynamics
Tom Rogers, Philip Townsend, David Burnell, Tom McLeish, Mark Wilson,
Emkhe Pohl, Martin Cann.
Durham University, Durham, United Kingdom.
It is now increasingly recognised that fluctuations around a single structure can
contribute to allosteric regulation in protein systems. Allosteric regulation is
where one molecule binding to a protein effects another protein function
(e.g. binding a second molecule), driven by the free energy differences obtained
in different binding events. In some cases, where ligand-induced structural
changes are small, thermal fluctuations can play a dominant role in determining
allosteric signalling (i.e ‘‘entropically dominated’’); which is different from the
traditional view of allostery caused by structural changes induced by the bind-
ing of ligands (‘‘enthalpically dominated’’). In thermodynamic terms, the en-
tropy change for subsequent binding is influenced by changes to the global
vibrational modes of the protein-ligand systems. One advantage of such amech-
anism is the possibility for long range allosteric signalling due to modes being
either damped or activated by binding events. Changes to slow internal motion
can be harnessed to provide signalling across long distances.
This work considers homotropic allostery in homodimeric proteins (exempli-
fied by the binding of cAMP to the catabolite activator protein), and presents
results from predictive coarse-grained models. These results show a fast predic-
tive method for the calculation of the effect of residue mutations. We introduce
a complete in silico assay of residues whose local environment sensitively con-
trols the allosteric cooperativity between the two cAMP binding sites. These
results motivate synthesis and characterisation of mutants selected for positive,
negative and neutral contributions to cooperativity (see figure). The experi-
ments validate the modelling approach.
We then introduce a super-coarse-grained model which provides additional in-
sight into the effects of different dynamic structures at the scale of global pro-
tein modes, and allows a mutational landscape to be explored and discussed in
evolutionary terms.
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Allosteric Inhibitors May Prevent the Hepatitis C Virus RNA Polymerase
from Sampling Functional Conformations
Brittny Davis, Ian Thorpe.
University of Maryland- Baltimore County, Baltimore, MD, USA.
The RNA polymerase (NS5B) from the Hepatitis C virus (HCV) is a validated
drug target because of its importance for viral replication. NS5B functions
through de novo initiation in a closed conformation, while elongation occurs
in the open conformation. Currently, there are five allosteric binding sites to
which diverse inhibitors can bind. However, the molecular mechanisms that
underlie allosteric inhibition are unclear from the structural data alone. We
employ molecular dynamics simulations and principle component analysis
in order to understand how the presence of allosteric inhibitors impacts the
structure and dynamics of NS5B. Preliminary results suggest that ligand
binding prevents the enzyme from achieving functional conformations via
an induced-fit mechanism. This information may aid in the development of
novel and more effective inhibitors for NS5B, leading to better treatments
for HCV.1165-Pos Board B57
Conformational Determinants for the Recruitment of ERCC1 by XPA in
the Nucleotide Excision Repair (NER) Pathway: Structure and Dynamics
of the XPA Binding Motif
Elisa Fadda.
National University of Ireland, Galway, Galway, Ireland.
Xeroderma Pigmentosum complementation group A (XPA) is an essential pro-
tein in the Nucleotide Excision Repair (NER) pathway. In one of the critical
steps of the NER pathway, XPA recruits the ERCC1-XPF excision repair pro-
tein complex to the DNA damage site for the repair to proceed. The XPA/
ERCC1-XPF interaction takes place between the N-terminus tail of XPA and
ERCC1. The only structural insight available on the XPA-ERCC1 interaction
is from the complex between the ERCC1 central fragment and a 14-residue
peptide corresponding to the highly conserved binding motif of the XPA N-ter-
minus, namely XPA67-80 (Tsodikov, et al., Structural basis for the recruitment
of ERCC1-XPF to nucleotide excision repair complexes by XPA. Embo Jour-
nal, 2007. 26: p. 4768-4776). Based on these structural data, in this work I pres-
ent the results of an extensive Molecular Dynamics (MD) simulation study of
the XPA67-80 peptide, both when free and bound to the ERCC1 central frag-
ment. These results highlight previously unidentified and critical structural and
dynamic features of the ERCC1-XPA67-80 complex. More specifically, this
study shows that, when in complex the XPA67-80 peptide forms specific inter-
actions with residues in the ERCC1 binding pocket, which are essential for
binding. Based on the identification of these interactions, I assessed the critical
role of two highly conserved residues in the XPA67-80 binding motif and of
their interaction with ERCC1 by studying the XPA67-80 F75A and D70A mu-
tants in complex with ERCC1. Additionally, the results of an extensive 10 mi-
croseconds MD simulation of the free peptide in solution show its
conformational propensity for a hairpin structure, similar to the bound
conformation.
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Dynamics of High Molecular Weight Macromolecular Assemblies
Reza Sharifi Sedeh1, Oskar Hallatschek2, Klaus-Ju¨rgen Bathe1,
Mark Bathe1.
1Massachusetts Institute of Technology, Cambridge, MA, USA, 2Max Planck
Institute for Dynamics and Self-Organization, Go¨ttingen, Germany.
Solvent-damped, thermally activated motions of high molecular weight pro-
teins and nucleic acid assemblies are key to understanding and controlling their
functions and activities. The finite element method is a well-established ap-
proach to analyzing protein conformational fluctuations that are not accessible
to all-atom representations. However, like conventional all-atom normal mode
analysis, the finite element method has previously been used only to model pro-
tein dynamics in vacuum. Here, we extend the finite element based modeling
approach to incorporate solvent damping for proteins and nucleic acid assem-
blies to compute non-equilibrium conformational properties. The proposed
model is computationally effective for calculating translational and rotational
diffusion coefficients in addition to dynamical motions in solvent, as demon-
strated for Taq polymerase and several nanometer-scale DNA assemblies. A
distinct advantage of the finite element-based approach is that computational
cost does not increase with increasing molecular weight, rendering the proce-
dure applicable to long time-scale structure-based simulations of high molecu-
lar weight assemblies including chaperones, molecular motors, and nucleic acid
nanostructures.
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Examining the Flexibility of Tim Barrel Proteins Based on their Structural
Topology
Sandhya Tiwari, Nathalie Reuter.
University of Bergen, Norway, Bergen, Norway.
The eight-fold beta/alpha barrel-like fold, first seen in triose-phosphate isomer-
ase (TIM), is a common and versatile fold for proteins. Proteins in this classi-
fication have diverse enzymatic functions spanning five of six Enzyme
Commission classes. Studies have characterized the sequence, structure, local-
ized dynamics and electrostatics of TIM proteins, but the flexibility of the fold
is understudied. We use coarse-grained and all-atom normal modes analysis to
look at the principle TIM beta/alpha barrel secondary structure elements of five
structures from distinct families with low sequence similarity between 23 and
38.5 % and low structure similarity. We report that the eight core beta strands
behave independently of the eight flanking alpha helices. The strands and he-
lices repeat in tandem at the sequence level, yet the strands form a core that
moves minimally while the helices display greater relative mobility in all of
the structures. This core formed by the beta-strands is rigid in all the structures.
This is despite the varying loop lengths between them and the presence of
